Dogs have made and will continue to make valuable contributions as animal models in biomedical research. A comprehensive approach from time of breeding through completion of in-life usage is necessary to ensure that highquality dog models are used in studies. This approach ensures good care and minimizes the impact of interanimal variability on experimental results. Guidance related to choosing and developing high-quality laboratory dogs and managing canine research colonies is provided in this article. Ensuring that dogs are healthy, well adapted, and cooperative involves good communication between vendors, veterinarians, care staff, and researchers to develop appropriate dog husbandry programs. These programs are designed to minimize animal stress and distress from the postweaning period through the transfer and acclimation period within the research facility. Canine socialization and training programs provided by skilled personnel, together with comprehensive veterinary health programs, can further enhance animal welfare and minimize interanimal and group variability in studies.
Introduction

I
n biomedical research it is well recognized that individual animal variability can affect study results. To minimize animal variability, researchers should be provided with normal, healthy, well-adapted animals that represent a physiological model characterized by a narrow range of physical, behavioral, and clinical parameters. Accomplishing this goal can be challenging, even when using the dog, a species that has been well domesticated and generally well adapted to research environments. Maximizing successful experimental outcomes in studies with dogs involves ensuring that the animals are healthy, providing a suitable environment, minimizing stress, and preventing or alleviating distress. This comprehensive approach involves wellplanned and well-managed colony health and care programs that include ongoing evaluation of animals before, during, and after experimental study.
Many husbandry, environmental, and experimental factors can trigger stress responses in research dogs that may disrupt their homeostasis. The degree of physiological disruption, and ultimately the impact on the animal and the study, depends on a variety of factors such as intensity, duration, and novelty of stimulus. Because stress inducers can significantly affect a dog's well-being and experimental outcomes due to neuroendocrine effects (Clark et al. 1997a) , it is important to anticipate the stressful experiences to which the dogs may be exposed and the procedures they will undergo at both the vendor and the research facility. The goal of a comprehensive dog care program is to develop appropriate socialization, acclimation, and training regimens that minimize stress and distress, , thereby leading to improvements in the quality of scientific data (Boxall et al. 2004 ).
Acquisition and Source Selection
Dogs are good animal models for many studies based on their size, biological features, and acceptable behavioral characteristics (e.g., cooperative, docile nature) (Dysko et al. 2002) . However, investigators must be certain that the justification of dogs as the species of choice is appropriate. The choice of dog used in research and testing should be based on considerations of characteristics that produce the best science when combined with optimal animal welfare (BVAAWF/FRAME/RSPCA/UFAW 2004b).
In the United States, facilities can purchase dogs through Class A or B dealers. Class A dealers breed and raise dogs on their own premises in closed or stable colonies. Class B dealers are involved in the purchase and/or resale of animals (CFR 1985) . Beagles are the most commonly bred dogs for biomedical research, although other breeds (e.g., foxhounds) are also commercially bred for use in research (Dysko et al. 2002) . Dogs from Class A dealers have known genetic backgrounds and usually have had limited exposure to infectious diseases; they are referred to as purpose-bred when they have been bred specifically for research. Random-source dogs are obtained from any source that did not breed and raise the animals on their premises. These dogs can be obtained from pounds or shelters and have unknown or incomplete medical histories.
Purchasing purpose-bred dogs affords the buyer opportunities to perform site visits to the breeding facility to evaluate the animals (e.g., general health, genetics-based concerns, behavioral characteristics) and the facilities; to review relevant documentation (e.g., standard operating procedures); and to obtain other salient information. It is important to scrutinize vendors who sell dogs for use in studies conducted under the Good Laboratory Practice Act (GLPs 1 ) to ensure that they follow appropriate procedures and fulfill regulatory requirements. Site visits aid in the determination of the breeder's commitment to appropriate animal husbandry programs, to the animals' adequate preparation for future experimentation, and to any additional screening, behavioral management, and diagnostic evaluations that should occur before shipment or at the enduser's facility.
Vendor Health and Genetic Considerations
Researchers and veterinary staff should clearly communicate their expectations to the vendor regarding the type and health status of the dog needed. Animal criteria or specifications include sex, age, body weight range, and size as well as the identification of potentially unacceptable physical or behavioral characteristics. One approach is for breeding facility and veterinary staff to partner in establishing guidelines on colony management and screening procedures at the vendor site (e.g., vaccination requirements, preshipment clinical pathology and electrocardiograms (ECGs 1 ), acclimation to slings), which help fulfill the needs and regulatory requirements at the institution. Some vendors offer animals considered to be "seconds" for sale that may not meet criteria for some institutions but will be acceptable by others. If it is desirable to have specific pathogen-free (SPF 1 ) animals, then the veterinary staff should determine which pathogens or opportunists are unacceptable, and should ensure that the breeding facility can meet the SPF criteria.
Breeder source and parentage are a very important part of determining animal qualities. Breeders should identify and document dogs in the colony that are considered prime candidates for breeding stock and exclude those with health and behavioral problems, especially if there is a genetic basis in such cases. Beagles are commonly bred for research purposes because of their good behavioral characteristics, size, and other physical traits. Recognized genetic diseases in beagles include primary glaucoma, factor VII deficiency, and multiple epiphyseal dysplasia (Clark and Stainer 1994) . Other health conditions that appear to be more common in laboratory beagles than other breeds are polyarteritis (beagle pain syndrome) and idiopathic epilepsy (BVAAWF/ FRAME/RSPCA/UFAW 2004b).
Behavior is another critical characteristic in determining the quality of the research animal. An individual dog's response to stress and its propensity for developing abnormal behavior can be genetic (BVAAWF/FRAME/RSPCA/ UFAW 2004b). For this reason, it is important for breeding facilities to ensure that they screen and cull dogs that have unacceptable genetic backrounds as well as unacceptable physical, physiological, and behavioral characteristics. Institutions can assist vendors by identifying dogs that have a genetic problem or condition with a suspected genetic etiology and communicating that information. This information is especially important for genetic conditions that may not be detected at an early age.
Early Behavioral Development and Socialization: Recommendations for Vendors
Dogs that are used for research purposes have the same requirements for socialization, foundation training, and early introduction to environmental and social stimuli as other working or pet dogs (Scott and Fuller 1965) . To fulfill these requirements, breeders should follow guidelines such as those provided in Tables 1 and 2 , which incorporate exposure to various novel situations and experiences during critical stages in a puppy's life and beyond. It is extremely important for their future well-being and adaptability to provide dogs with a variety of appropriate environmental, sensory, and social stimuli (Fox 1978; Fox and Stelzner 1966; Wolfle 1987) .
Most Class A research dogs are raised in a breeding unit during their sensitive socialization periods and become adapted to these specific surroundings. They are usually transferred to another facility between 5 and 12 mo of age, and the new facility may differ greatly from the breeding unit (Boxall et al. 2004) . If puppies and adolescent dogs have had limited experience to complex or novel situations, there most likely will be limits on their ability to adapt to subsequent environments and social complexities (Boxall et al. 2004) . A scaling system for evaluating the socialization of puppies appears in Table 3 . From the time dogs arrive and throughout their lives, facility personnel should handle them, play with them, and provide environmental diversification and trusting relationships.
Human Handling
Handling pups between birth and weaning has been reported to have effects on many characteristics, including rate of 1 Abbreviations used in this article: AAHA, American Animal Hospital Association; BCS, body condition score; BP, blood pressure; BW, body weight; CPV, canine parvovirus; ECG, electrocardiogram; GLP, good laboratory practice; HPA, hypothalamic-pituitary-adrenal; HR, heart rate; IACUC, institutional animal care and use committee; ID, interdigital; IV, intravenous; ME, maintenance energy; PVC, polyvinyl chloride; SPF, specific pathogen-free; VOHC, Veterinary Oral Health Council. growth and weight gain, learning, exploratory behavior, emotionality, physiology, response to food and water deprivation, and the occurrence of some diseases or pathogens (NRC 1992) . Early handling exercises in dogs have a lasting influence on the activity of the hypothalamic-pituitaryadrenal (HPA 1 ) system (reduced emotionality and increased stability) and may have a pronounced effect on the animal's basic temperament and future trainability (Lindsay 2000) .
In many commercial breeding facilities where dogs are bred for placement at research facilities, puppies are housed in groups with limited time for human contact after weaning. For this reason, it is important for a program to be in place at the breeding facility to ensure that appropriate puppy-human interaction occurs during the critical period and beyond (NRC 1992) . Handling of neonatal puppies for only 3 min a day and exposing the animals to various mild environmental stressors (e.g., changes of ambient temperature and movement, known as gentling) have had positive impacts on puppies' resistance to disease, emotional reactivity, mature learning, and problem-solving abilities (Lindsay 2000) . Personnel should take into consideration the "critical period" of puppies to optimize their adaptation and to avoid their exposure to certain stimuli when they are most susceptible to developing problems.
Environmental Diversification
Breeding facilities should develop formalized programs that utilize knowledge of canine behavior. Programs should expose puppies to different noises, odors, enclosures, flooring or table surfaces, handling techniques, personnel, and restraint procedures. Careful environmental exposure carried out systematically through gradual increments of intensity and duration allows puppies to habituate to potentially feareliciting stimuli without undue distress. A puppy's environment should be rich in diversity of objects, textures, and structure with which to interact and explore (Lindsay 2000) .
Trusting Relationships
An important part of training puppies is to give them confidence in people and to teach them that people have control by appropriately establishing humans as dominant figures in their social structure. Puppies learn to be subject to control from their mothers, and animal care staff must also teach them to accept human control and an understanding of hierarchical social structure. Developing trust in people helps puppies cope or adjust when new or scary situations are encountered and during handling for various procedures. Part of developing trust requires handling puppies appropriately and exposing them in a positive way to new and different individuals (e.g., different sexes, ages, ethnic backgrounds) and to potentially frightening situations (Wolfle 1987) .
Breeders can develop simple or elaborate early canine socialization programs that can be successful. A critical aspect of any early socialization program is to establish a one-on-one relationship between each puppy and a person. An example of a puppy socialization program for dogs used in research is provided in Table 1 (BVAAWF/FRAME/ RSPCA/UFAW 2004b). Suggestions for the social evaluation of puppies appear in Table 2 (Wolfle 1990 ).
Play
Play has many influential facets that profoundly affect developing puppies, especially with respect to adult social responsiveness and trainability (Horwitz et al. 2002; Lindsay 2000; McFarland 1981; Overall 1997) . Play functions beneficially in the following ways: It stimulates communal behavior; facilitates social interaction, establishes strong social relationships, enhances physical and mental dexterity, improves coordination, and provides puppies with an outlet to learn about social rules. It also provides puppies with an outlet for exploration, and facilitates complex problem solv- The first few weeks are crucial in shaping the dog's response to novelty and challenge later in life, but the process is an ongoing one and it is important that dogs continue to receive socialization, habituation, and training throughout their lives. Positive interactions with humans in a social context are of particular importance in order to balance the potentially aversive interaction associated with studies. ing (Overall 1997) . For these reasons, designated playtime should be part of any canine breeding program. Providing these basic experiences will help puppies develop coping skills for a wide array of situations, including those they may encounter at the research facility where they eventually will be housed. Breeders should continue acclimation and socialization reinforcement beyond the critical period (up to 6-8 mo of age) because dogs have been known to show behavioral regression when older (Boxall et al. 2004 ).
Transport to the Institution
Transportation, which is an especially powerful stressor for dogs, is a major life event for the animals, particularly when they are moved into new facilities and over long distances with multiple modes of transport (e.g., truck and air travel). Even moving within a facility can cause an animal stress (Swallow et al. 2005) . During transport, animals experience a multitude of stressors, including the following: handling; a new enclosure; unfamiliar sounds, odors, and personnel; changes in feeding regimens; environmental variables; and separation from familiar conspecifics. Many reports of studies in dogs and other species have documented that the process of moving animals causes significant changes in the parameters used to assess stress, and that varying periods of time are required for values to return to baseline levels (Aguila et al. 1988 Tuli et al. 1995 [rodents] ). One study evaluated 1-yr-old beagles transported for approximately 9.5 hr by truck to a new facility. Investigators found significant increases in plasma cortisol and corticosterone compared with nontransported controls, which returned to basal levels overnight after arrival (Kuhn et al. 1991) . High cortisol levels have also been found in dogs transported within a facility when physiological parameters were compared in exercised and nonexercised dogs. The author (Clark 1997c) concluded that initially high cortisol levels were caused by the novel disturbance of transportation, relocation, and the new environment.
Thus, transportation can have a considerable impact both on canine welfare and on the scientific validity of any future studies involving the animals (Reilly 1998; Swallow et al. 2005) . In an effort to minimize transport-related stress, the following approaches are recommended:
• Plan ahead; • Follow appropriate regulations and guidelines; • Have proper caging and facilities; • Habituate dogs to transport caging before shipping; • Examine and observe the dogs before, during, and after transit; Rewarding an animal for not exhibiting a response
Rewarding a dog for not whining or barking.
Reinforcement (e.g., positive or negative reinforcement)
Using a stimulus or event (e.g., reward, aversive stimulus) to increase the chance that a behavior will be performed. In positive reinforcement the animal is rewarded with something that it likes (e.g. food, ball).
Use when you want to train a dog to exhibit a particular behavior; negative reinforcement increases the escape or avoidance behavior. Jackpot rewards (e.g. special food or much larger quantity of food) can be given in situations where the animal makes a breakthrough in training. Shaping
Rewarding behavior that resembles the desired behavior; uses gradual approximations. Building a behavior by dividing it into small increments or steps and then teaching one step at a time.
Useful with young, naïve dogs or dogs that don't know what a preferred response is (e.g. rewarding a puppy that starts to sit with a treat).
• Load the animals into cages and vehicles as close as possible to the time of departure; • Ensure that personnel are knowledgeable and skilled in handling animals; and • Follow proper procedures.
Animal welfare regulations and guidelines outline standards for transporting dogs (BVAAWF/FRAME/RSPCA/ UFAW 2004b; CFR 1985; IATA 2000; Swallow et al. 2005) . Keep in mind that the quality of the journey is more important than the duration with regard to minimizing stress (BVAAWF/FRAME/RSPCA/UFAW 2004b).
Newly Received Animals
It is essential to review the individual health records (e.g., vaccination history, diagnostic tests, clinical problems, treatments, surgical procedures) of each dog from the source facility soon after their arrival. It is optimal, when possible, Table 3 Scaling system for evaluating socialization of puppies
Variables (Each puppy is rated on a three-variable socialization scale of 1 to 5, with 5 being the best performance.)
Variable 1: Kennel greeting The manner in which the pup greets the person upon opening kennel door This variable is thought to be the most reliable and easily used indicator. 5 Eagerly greets person at door-with enthusiasm! 4 Greets person at door but lacks enthusiasm 3 Comes forward, but not all the way to the door 2 Stays in back of cage cowering but does not bite 1 Cowers in back of kennel-would bite if approached! Note: With few exceptions, animals that ranked high in Variable 1 remained highly social and easy to handle throughout their lives. Well-socialized dogs jumped up on and were eager to play with people entering the paddock, and were easy to catch. Poorly socialized dogs became more fearful of people in the outside paddocks, remained at the periphery of the group of dogs that surrounded technicians or the veterinarians, and were difficult to catch.
Variable 2: On leash The manner in which the pup responds to leash 5 Eager to go on leash, tugs on leash in front of person, explores surrounding 4 Eager to go on leash but with less exploration, occasionally balks at new situations 3 Requires some coaxing to go on leash, frequently balks at each new situation 2 Reluctant to lead but will walk to some extent, does not explore surroundings 1 Will not lead, resists all attempts to lead A well-rounded dog requires that socialization begin neither too early nor too late, with the optimum starting period being approximately 6 wk for age. If socialization is initiated too early, the pup will be oversocialized to people; initiation too late results in oversocialization to other dogs. c Animals that rated all "5's" proved to be too socialized to people to perform well as breeders or to become good parents. They generally preferred the attention of humans to that of kennel mates, even at time of breeding and nursing. Although these animals were appropriate for most protocols, they lacked proper balance between socialization to people and to other dogs. When pair or group housed, the most highly socialized dog was generally dominant, especially when the kennel was approached by a person. Fighting was sometimes observed over competition for human attention. Animals rated as all "1's" were not suitable for breeding or research. They generally get along well with other dogs, breed well, and nurse their litters-when people are not around. Their fear of people overrides their nursing instincts. After the pups experienced repeated disruptions of nursing because of mother's agitation at passing people, they became poor prospects for socialization.
to review the health histories before the animals are shipped, because this information will help in the selection of the most appropriate animals, will facilitate treatment of any pre-existing health problems, and will prevent animals from being shipped unnecessarily.
Stabilization
It is imperative to give newly received animals a period of time for physiological, psychological, and nutritional stabilization before their use. The length of time for stabilization will depend on the type and duration of animal transportation, the dogs involved, and the intended use of the animals (NRC 1996) . A formalized program for quarantine and routine preventative medicine with written standard operating procedures is part of a high-quality colony management program. Good documentation systems should be in place, and detailed health records that meet current professional standards and regulatory requirements should be maintained (CFR 1978) .
It is advisable to pair-or group-house dogs upon arrival and to subject them to a complete physical examination. Behavioral assessments should be conducted early in the quarantine period, and it is important to evaluate social structures when pair-or group-housing dogs (BVAAWF/ FRAME/RSPCA/UFAW 2004b). Dogs' initial social encounters elicit stress responses, especially when they are introduced to unfamiliar conspecifics ; however, animals can adapt quickly if they are given the opportunity to work out dominance hierarchies appropriately (NCR 2003) . One way to enhance acclimation to the new facility and avoid dog-to-dog aggression is for vendors to transport dogs to user premises in pre-existing stable groups (BVAAWF/FRAME/RSPCA/UFAW 2004b). Before moving dogs into group housing, animals can be acclimated through olfactory exposure (e.g., moving a toy with the other dog's scent between cages). A good predictor of aggressive encounters in dogs is body weight. Contrary to some conventional wisdom, it is best not to try and match cage-mates in size or weight. Matching canine cage-mates in size or weight may slow acclimation, prolong the period of hierarchy formation, and increase aggression (G. Fortier, Animal Behavior Institute, Furlong, PA, personal communication, 2006) . Timid or fearful dogs should be identified early in the quarantine period, and a plan should be in place to address and reduce their stress.
Quarantine
Animals are particularly susceptible to the development of clinical problems from underlying pathogens and opportunists after undergoing the stress of transportation and being placed in a new environment (Swallow et al. 2005) . Dogs may be asymptomatic carriers of pathogens (e.g., Campylobacter spp.) or have subclinical infections (e.g., giardiasis) before they are transported, and may later show signs of clinical disease upon arrival (BVAAWF/FRAME/RSPCA/ UFAW 2004b, Chalker et al. 2003; Dysko et al. 2002 , Greene 2000 Meunier et al. 2004; Tilley and Smith 2000) . For these reasons, it is important for animals to undergo an adequate quarantine period (NRC 1996) . Recommendations for canine quarantine procedures vary and are based on differences in facilities, source of animals, investigator requirements, and other issues.
Veterinary staff at each institution should use professional judgment in determining the duration and type of procedures dogs will undergo. Some institutions recommend canine quarantine periods of 7 to 14 days for newly purchased dogs, when minimal health and behavior problems are expected (BVAAWF/FRAME/RSPCA/UFAW 2004b). Quarantine periods may be lengthened when dogs have clinical problems, require additional diagnostic tests, have unknown health histories, need longer acclimation periods, and/or require treatment (BVAAWF/FRAME/ RSPCA/UFAW 2004b; Hawkins et al. 2004) . A program of veterinary care including diagnostic tests such as complete blood counts, clinical chemistries, fecal flotation, and cultures for enteric pathogens can help identify clinical or subclinical problems and facilitate timely treatment and preventative measures.
It is important for each facility to have an established process to acclimate animals into their new environment appropriately. Changes in routine quarantine procedures may be warranted, depending on the health status of the animals and study requirements. Having a formalized quarantine release process in place helps ensure that all aspects of the quarantine program have been completed. Documentation should include complete records, as mandated by GLP, when animals are placed on toxicology studies (CFR 1978 (CFR , 1985 .
Health and Preventative Programs
Routine Assessments
A process should be in place to ensure that complete and consistent health assessments are performed regularly to identify and address problems early. Many facilities perform monthly canine health assessments and routine preventative tasks that include the following brief examinations: assessing ears, eyes, oral health, haircoat, and skin; recording body weight and body condition score (BCS 1 ); cleaning ears; and clipping nails. Staff should be aware of any clinical problem that could affect a study. Complete physical examinations, vaccinations, dental prophylaxis, and other aspects of preventative medicine programs should also be performed, as deemed necessary, by the veterinary staff. Many institutions schedule annual veterinary examinations in conjunction with routine health maintenance programs (e.g., vaccinations, fecal parasite examinations, routine blood work).
Depending on the research goals, additional evaluations or diagnostic workups may be scheduled. Toxicology studies may require full veterinary examinations before studies. These examinations often include detailed ophthalmology examinations and full cardiac workups (e.g., ECG evaluations). Dogs that are immunosuppressed, have any surgical implant, or are being used for chronic studies may require additional preventative care and diagnostic procedures. For example, dogs with implanted devices (e.g., vascular access or intestinal access ports, telemetry units) should be clearly identified and the implants should be evaluated and/or maintained routinely (Adams 2002; Dysko et al. 2002) .
Clinical Disease
Many research facilities have reported "interdigital" (ID 1 ) cysts in their dog colonies (Kovacs et al. 2005) . The etiology of ID cysts (also known as interdigital pyoderma or canine pedal furunculosis) is often multifactorial (e.g., bacterial infections, mechanical, allergic). One hypothesis for the etiopathogenesis of sterile pedal furunculosis is an immune-mediated inflammatory response to keratin and triglycerides that are liberated from ruptured hair follicles, sebaceous glands, and the panniculus (Medleau and Hnilica 2006) . Contributing factors include poor sanitation, wet environments, food allergies, mechanical injury (e.g., due to flooring), age of the dog, and BCS (Kovacs et al. 2005; Medleau and Hnilica 2006) . At one facility, the incidence of ID cysts in a research colony of beagles was found to be 55% in Ն4-yr-old dogs. The type of raised flooring also contributed to the incidence of ID cysts. Data showed an incidence of 8% in diamond polyvinyl chloride (PVC 1 )-coated floors, 26% on flat-bar steel (uncoated) floors, and 46% on flat-bar PVC-coated floors (Kovacs et al. 2005) . At my institution, the concensus is that dogs housed in cages with flat-bar steel (uncoated) flooring have a higher incidence of ID cysts than dogs in kennels on solid flooring. It is important for facilities to institute appropriate husbandry practices to prevent and manage ID cysts in their dog colonies, along with appropriate treatment.
Mycoplasma haemoncanis (formerly Haemobartonella canis) was recently reported in dogs in a research facility in Germany. This red blood cell parasite is of particular concern in kennel-raised dogs that are immunocompromised. Occurrence of clinical disease caused by M. haemoncanis resulted in failure of a large experimental project in splenectomized dogs in a hemorrhagic shock study (Kemming 2004a,b) . This report raises concerns about the potential for latent infections to adversely affect or confound research, especially in immunocompromised models (e.g., dogs used in transplantation studies).
Vaccinations
Vendors and research facility personnel are responsible for vaccinating dogs according to recommended professional guidelines and regulatory requirements (e.g., state and local laws). Core vaccinations should be included in any quality preventative programs unless doing so would interfere with studies. Core vaccines are defined as vaccines appropriate to provide protection in most animals against diseases that pose a risk of severe disease because the pathogens are virulent, highly infectious, and widely distributed in particular regions (Klingborg et al. 2002) . Generally, core canine vaccinations include canine distemper, canine parvovirus (CPV 1 ), hepatitis, and rabies. Additionally, noncore vaccinations should be given as determined by exposure risk factors (Paul et al. 2003) .
Recently, recommendations have changed regarding the intervals for vaccinating dogs because of updated information on duration of immunity, risk factors, and improvements in the field of vaccinology (Hendrick and Dunagan 1991; Paul et al. 2003; Shoenfeld and Aron-Maor 2000) . Previously, routine annual vaccinations were recommended for most dogs after 1 yr of age. However, new information regarding duration of immunity now supports lengthening the frequency between vaccinations with core vaccines (Mouzin et al. 2004; Paul et al. 2006; Schultz 2000) . Many veterinarians currently support triennial vaccination against core diseases following initial booster revaccination at 1 yr of age with the appropriate vaccines (Greene et al. 2001; Paul et al. 2003) . These new recommendations may assist in decreasing vaccination and study scheduling conflicts as well as preventing the incidence of adverse vaccine-induced side effects.
Knowledge of a dog's previous history and potential exposure helps in identifying potential risk factors and the type of vaccination and preventative medicine program that should be administered in each individual case. Facilities that purchase random-source dogs may choose to vaccinate their dog colony with noncore as well as core vaccines, because dogs may have questionable vaccination histories and greater potential for exposure to or transmission of infectious diseases. Institutions that purchase purpose-bred dogs may choose to set up a vaccination program with only core vaccines.
In some situations (e.g., canine vaccine studies), it may be necessary to not administer all or some recommended vaccinations and additional precautions to ensure that the dogs are not exposed to potential pathogens. For animals designated for vaccine studies, stricter barrier procedures should be implemented (e.g., use of more stringent personal protective equipment and barrier entry practices).
If dogs require vaccinations, investigators and veterinary staff should always be aware of potential effects to the study or in scheduling studies. Vaccinations stimulate the immune system and occasionally result in vaccine-related adverse effects (Hendrick and Dunagan 1991; Shoenfeld and Aron-Maor 2000) . For example, transient lymphopenia occurs 4 to 6 days after administration of some attenuated CPV vaccines (e.g., CPV-2); humoral immune responses are similar to those observed with field CPV (Hoskins 2000) . Questions have also been posed regarding a connec-tion between vaccination and autoimmunity (Shoenfeld and Aron-Maor 2000) . A study in puppies immunized with a variety of commonly given vaccines showed a possible causal relation between vaccines and autoimmune findings (Hogenesch et al. 1999) . For these reasons, investigators who place dogs on studies involving immunity should be aware of the potential associations between vaccinations and immune responses and how they could affect a study. To minimize vaccination as a variable, dogs should be vaccinated no later than 2 to 3 wk before they are placed on study (D. Herzyk-Hrebien, GlaxoSmithKline Pharmaceuticals, personal communication, 2006) .
Dental Prophylaxis
Oral health is an important part of a dog's good general health and acceptability for study. Gingivitis is reported in Ն70% of dogs by 2 yr of age, and most dogs have some degree of periodontitis by the time they are 5 yr old (Harvey 1998; Wiggs and Lobprise 1997) . Because periodontal disease can have a significant impact on animal health and may complicate studies, it is imperative to perform regular oral evaluations to ensure dogs' good dental health (DeBowes 2000; DeBowes et al. 1996) . Methods for evaluating the severity of gingivitis and accumulation of dental deposits have been developed using scoring systems for humans that have been validated for use in animals (Gorrel and Bierer 1999; Harvey and Emily 1993; Hefferren et al. 1994; Loe 1967; Logan and Boyce 1994; Wiggs and Lobprise 1997) . The reader is referred to the literature on recommended dental treatment and preventative protocols (DeBowes 2000; DuPont 1998; Holmstrom et al. 2004 ) as well as standards for dental diets published by the Veterinary Oral Health Council (VOHC 1 ) of the American Veterinary Dental College (www.vohc.org).
Exercise
Exercise is essential for dogs. In the United States, animal welfare regulations (CFR 1985) require giving dogs the opportunity for exercise. Each institution is responsible for developing a plan for providing canine exercise with the approval of the attending veterinarian. When doing so, staff should consider the types of research protocols to which dogs may be assigned and any current or potential healthrelated issues of concern. Exercise and procedures associated with an exercise program (e.g., handling, transport, and socialization with conspecifics and humans) may also affect study results (BVAAWF/FRAME/RSPCA/UFAW 2004b; Campbell et al. 1988; Hetts et al. 1992 , Hubrecht et al. 1992 Hughes and Campbell 1990; Raekallio et al. 2005) . A consistent exercise program should be in place for all dogs on a particular study, taking into consideration that there will be some individual animal and situational differences. For instance, it may not be possible to exercise all dogs on a single study at the same time due to sex differences, space constraints, and animal compatibility.
If dogs cannot be exercised according to an institution's exercise plan for scientific reasons, then the IACUC must approve the written exemption. It is important to appropriately sanitize exercise areas between groups of dogs, and to exercise together only dogs of similar health status. Staff should be encouraged to interact and play with the dogs during exercise periods (Campbell et al. 1988; Hughes and Campbell 1990) . It is preferable to have same-sex exercise groups, especially if dogs are intact. It may be necessary to take special precautions with females if they are in estrus, due to heightened sensory stimulation and potential aggression.
Enrichment
The importance of providing dogs with sources of enrichment is well recognized. Primary sources of enrichment include interaction with people and the provision of manipulanda, as described below. Two useful resources regarding enrichment strategies for laboratory dogs can be found in a recent article by Overall and Dyer (2005) and the publication by the BVAAWR/FRAME/RSPCA/UFAW Joint Working Group on Refinement (2004b) . A list of enrichment recommendations can be found in Table 4 .
The single most important enrichment modification for dogs is to have humans handle them frequently and in a wide variety of circumstances (Overall and Dyer 2005) . Personnel can take initiatives to interact with the dogs during routine facility walk-throughs, when checking water lines, during exercise and acclimation sessions, and during routine health assessments. To ensure canine-human interaction, institutions should allow adequate time for personnel to fit this activity into their routine daily schedules.
Toys can also provide a form of positive stimulus for dogs. A wide assortment of canine toys is available and can afford novelty and variety as part of a canine colony enrichment program. Manipulata should be evaluated and utilized based on agreed-upon criteria such as the following: extent of use by and benefit for the dog, durability, no or minimal study impact, ease of sanitation, potential to transmit disease, animal and personnel safety, minimal risk of adverse effects (e.g., clogging drains), resources involved, and cost.
Evaluation of toy use may be difficult, particularly when one or more toys are placed routinely in the dog's cage or kennel. In my experience, dogs focus on staff and usually are not seen playing with toys when personnel are present in the room. Often, the only way to assess use is by physical evidence (e.g., chew marks) or by video recording the dog's activity. At our facility we have also noticed that during group exercise sessions, dogs play more readily with soft toys (e.g., sheepskin frizzbies) or with tug toys. These toys also appear to decrease dog-to-dog aggressive and sexual behaviors. Dumbbell-like toys are frequently used by single or paired dogs at GlaxoSmithKline Pharmaceuticals.
Nutrition, Feeding Regimens, and Weight Management
A dog may not adapt readily to dietary and environmental changes, so close attention should be paid to be certain that a newly arrived animal is eating adequately and maintaining its weight. Optimal body weight and body condition are very important both for the health of the animal and to ensure good study results (Burkholder 2000) .
The following characteristics of each dog must be taken into account when managing its nutritional requirements in a laboratory setting: age, sex, breed, metabolic rate, size, activity, body weight (BW 1 ), body mass index, body composition (e.g., amount of body fat), BCS, and eating habits. Significant breed differences can be seen in the feeding behavior of dogs. For example, it has been reported that beagles have feeding patterns similar to cats when fed freechoice (e.g., eating 10-20 times/day between the light and dark period). Adult dogs do adapt to one meal/day feeding (Morris et al. 2005) . Other factors to consider in diet management include type, duration, and schedule of the study to which the animal will be assigned; study parameters; route of drug administration; need for fasting the animal; the animal's potential for placement on multiple studies; and its longevity in the colony.
Body Condition Score
A BCS provides a perspective for the amount of weight an animal carries relative to its skeletal frame (i.e., body fat: nonfat tissues ratio). BCSs have been used in clinical assessment for determining optimal nutrition (Burkholder 2000; Laflamme 1997 ). Assessing body condition by assigning a BCS is a subjective, semiquantitive method of evaluating body fat and muscle. Although body condition may sometimes be correlated with body weight, a BCS is generally independent of weight or frame size.
Various scoring systems have been devised to evaluate body fat and muscle. The scores correlate visual and palpable measurements for a particular region of the animal (e.g., ribs, tail base, and abdomen) to an assigned number (generally using a 5-, 6-, or 9-integer scale). A 5-point system is most useful to novices, and a 9-point system is used -Talk to the dogs at all times: they will focus on the handler, and this focus on verbal cues acts as a mini-session in mental enrichment. -Massage dogs, especially after some event that creates fear; massage only for 1-2 min, and use long, slow, firm strokes. -Include human-dog interaction during routine facility checks and exercise sessions during studies. Whenever possible encourage play activity. -Choose toys for their stimulus value; ropes, rope toys, balls, plastic bottles are all inexpensive and safe ways to render environments more enriched. -Provide novelty by rotating toys as often as possible (e.g., daily) for visual, olfactory, and social stimulation; caged adult dogs can lose interest in a toy in only 2 days. -Use alternative methods of presentation (e.g., suspending toys).
-Provide chew toys that provide the addition of smell or taste, if feasible. -Utilize toys (e.g., tug toys, sheepskin frisbees) to help encourage positive interactions and decrease aggression when group housed or group exercised. -Utilize dog toys that provide foraging opportunities (e.g., dogs have to manipulate the device to receive a piece of kibble). -Use training techniques as an enrichment tool to stimulate the animal and make the process positive (e.g., food rewards, ball playing). -Provide agility types of equipment (e.g., tunnels, ramps) and kiddie pools so that the dogs can have exercise and develop coordination and balance while learning to play games. -Teach dogs to walk on a leash and take opportunities to lead-walk the animal, when feasible. -Set up separate exercise/play areas that provide a diverse and stimulating environment away from other caged dogs (e.g., prevents problems of arousal and aggression). -Take opportunities for enrichment even in association with study activities (e.g., allow the animal to investigate a procedure room by walking around and smelling the environment). more frequently by experienced clinicians (Remillard 2005) . Use of body condition scoring is useful in assessing whether animals are thin, normal, or overweight and whether dogs should be fed more or less (Burkholder 2000) . A dog in optimal body condition (e.g., BCS of 3:5 or 5:9) has "normal body contours and silhouettes, bony prominences that can be readily palpated but not seen or felt above skin surfaces, and intraabdominal fat insufficient to obscure or interfere with abdominal palpation" (Remillard 2005, p. 76) . Dogs with an optimal dog body condition have 15% to 25% body fat (Remillard 2005) . Dogs with ideal BCSs live 15% longer and have a decreased prevalence of degenerative orthopedic disorders and some cancers (e.g., mammary tumors, cystic transitional cell carcinoma) (Remillard 2005 ).
Maintenance Energy
Maintenance energy (ME 1 ) requirements of adult dogs may be estimated from formulas relating ME requirements to BW or resting energy requirements. Formulas are a useful starting point but are not absolute requirements because there is considerable individual animal variation (Butterwick and Hawthorne 1998; Heusner 1991; Morris and Rogers 2000; Richardson and Zicker 2000) . Meal feeding with an optimal amount of feed (food optimization), rather than ad libitum feeding, should be the norm for all dogs (Fillman-Holliday and Landi 2002). Adult dogs that are consuming food voluntarily should be fed relative to their body condition and not by a formula (Morris and Rogers 2000) .
Feeding Regimens
Feeding regimens at institutions vary and are dependent on study requirements. There are basically three methods of feeding dogs: free choice (ad libitum), time limited, or food limited. In many canine research colonies, dogs are fed a set amount of food based on an average size, frame, and/or weight of the dogs in the colony. Staff may feed a set amount to ensure that no dog is below or above a set body condition or because of the convenience of not having to calculate individual feeding regimes. It is preferable for feeding regimens to be individualized, but that preference is not usually feasible or necessary. Feed amounts can be calculated based on BCS, frame, age, and/or sex. For example, the amount of food given to male dogs may be greater based on a larger average frame and acceptable BW and BCS. It is advisable to weigh each dog and to assess its BCSs monthly. It is important to monitor the monthly BCSs for changes and to address changes as needed.
It may be necessary to separate pair-or group-housed dogs during feeding because of individual differences in ME requirements, variations in feed consumption, and social dynamics (e.g., dominance) that can occur over food. If it is necessary to place a dog on a weight reduction program, staff should ensure that appropriate feeding regimens and/or diets are used. A dog can be placed on a weight loss program by being fed its regular food reduced by Յ25%. If it is necessary to decrease the amount of a dog's feed by >25%, staff should feed an approved diet specified for weight loss; otherwise nutritional deficiencies may occur (Remillard 2005) .
Toxicology and safety pharmacology studies have particular regulatory requirements that often affect decisions related to nutritional management and feeding regimes. Study directors typically feed the same certified diet and standard amount of food to all dogs on a study to minimize variables. Dogs should be placed on study diets well in advance of starting the study (Fillman-Holliday and Landi 2002) . Investigators may choose to have limited scheduled feedings (i.e., food available to the animals for a set amount of time at the same time each day, and then removed) to facilitate fasting, dosing, and sampling of the animals. When feeding is limited for shorter periods, some dogs focus their attention on personnel and/or activities being performed in the room, which can decrease food consumption. For this reason, dogs may need a quiet period during limited feeding times to focus on eating the food offered them. The change to a new feeding schedule should also be gradual-over several days-to ensure that the dogs have become accustomed to the new schedule before the start of a study.
Understanding the Role of the Stress Response as an Experimental Variable
Biology of Stress
"Stress is the effect produced by external (i.e., physical or environmental) events or internal (i.e., physiologic or psychologic) factors, referred to as stressors, which induce an alteration in an animal's biological equilibrium" (NRC 1992, p. 3) . Stress can result when an internal need or environmental demand is perceived by an individual as threatening or out of its control (Clark et al. 1997a ). An animal's response to stress can result in elevations in corticosteroid levels, along with other physiological changes, and may be characterized by concurrent behavioral changes (Hetts 1991) . Stress biology involves a complexity of general and integrative responses by the central nervous system, autonomic nervous system, HPA axis, and target organs, which together induce changes in the homeostatic processes directed toward maintaining an animal's physiological equilibrium. These responses affect a dog's physical and psychological state, behavior, immune function, and morphology (Clark et al. 1997a) .
The HPA axis is particularly sensitive to psychogenic stressors such as novel or threatening surroundings, separation from attachment objects, unpredictability of external events, or lack or loss of control over environmental contingencies (Hennessy et al. 1998) . Whether stress will lead to distress with the onset of maladaptive behavior and physiological and pathological changes in the animal depends on the intensity and duration of the stress and the animal's adaptability (NRC 1992) . When a dog adapts positively to stress, it successfully modifies its behavior, metabolism, and physiology with an outcome that is positive for the animal. If the dog is unsuccessful in developing adequate responses to enable it to cope, the response can then become maladaptive and the dog can develop subsequent affective disorders, disabilities, dysfunctions, and/or diseases. The subsequent developments can have significant study implications (Clark 1997a; Shull-Selcer and Stagg 1991) .
Fear and Anxiety
Fear and anxiety are two important emotional responses that can occur when animals undergo experimental stressors. These responses are part of an animal's normal behavioral repertoire to help protect it from harm.
Common procedures and situations that can elicit fear or anxiety in laboratory dogs include cage changing, removal from a stable social group, modification of established maintenance routines, transportation, confinement in a strange setting, restraint, procedural manipulations (e.g., injections, dosing, sampling techniques), wearing equipment (e.g., jackets), introduction to new people or conspecifics, and association with a previous negative experience (Beerda et al. 1999 ; BVAAWF/FRAME/RSPCA/UFAW 2001 , 2003 CCAC 1993; NRC 1992) . The addition of novelty to a potentially stressful experience increases the intensity of an individual stressor (NRC 1992) . To assess the impact of aversive stimuli in a research setting, it is necessary to consider factors such as the intensity, quality, frequency, duration, and rate of change of the stimulus and whether it is novel, incidental, or routine (Clark 1997b) .
Physiological Data and Stressors
Stress responses may cause variability in studies for which pharmacological or physiological data are gathered (Overall and Dyer 2005) . In experimental procedures that assess physiological measurements such as heart rate (HR 1 ), blood pressure (BP 1 ), and ECGs, stressors can significantly affect data (Adams 2002) . To minimize these potential effects, it may be necessary to implement longer and more intense acclimation and training.
Restraint is known to have effects on hemograms, plasma hormones, and other parameters in dogs, monkeys, and other species (Clark 1997c; Landi et al. 1990; Slaughter et al. 2002) . In dogs, increases in catecholamines due to stress can induce pronounced splenic contraction and substantial increases in blood volume due to the relatively large canine splenic capacity (Reeve et al. 1953 ). This effect can cause changes in hematological, clinical chemistry, and physiological parameters (Joles et al. 1982; Sato et al. 1995) . In a study in which the effects of periodic blood sampling on vasoactive hormones and blood volume in dogs were evaluated, investigators concluded that epinephrineinduced splenic contraction, initiating from the stress of blood sampling, caused higher hematocrit values during 14 days of study (Slaughter et al. 2002) .
Acclimation and Training Programs
The goals of an effective acclimation program are to ensure that animals are well adapted to the potential experiences and social interactions to which they will be exposed, thus enhancing the animals' well-being and minimizing experimental variability. Attaining these goals can be challenging due to a multitude of potential environmental, social, and procedural stressors as well as individual animal variation (CCAC 1993) . Because of stress response variability between individual animals, the degree of acclimation may vary, and it may be difficult to anticipate stress-related changes in specific parameters (Gaebelein et al. 1977; Galosy et al. 1979) . In general, novelty, the absence of predictability, and the lack or loss of control cause an increase in the activity of stress-responsive physiological systems (NRC 1992) . Decisions related to the intensity or time involved for acclimating dogs can be based on previous knowledge, breed differences in behavioral trends, experience, and close observations of the individual animal before and during exposure to a procedure or stimulus (Hetts 1991 ).
Role of Facility Personnel
As described above, it is best to have formalized acclimation, socialization, and training plans in place before dogs arrive at a research facility. Animal care staff must be familiar with experimental requirements and have a plan in place to facilitate the process used to ensure that dogs meet all of the study criteria in advance of experimental procedures. Personnel who perform acclimation procedures should (1) have a thorough knowledge of species-specific and breed-specific behaviors, (2) be familiar with the individual animal's temperament, (3) be aware of situations and procedures that animals under their care will likely experience, (4) understand the potential risk factors for the animal and personnel involved in the acclimation process, and (5) use appropriate acclimation and training techniques.
Personnel who utilize the following recommendations will facilitate animal acclimation and promote the successful use of animals in studies:
1. Allow adequate time to closely monitor and interact with new arrivals. Many dogs will be timid upon arrival and exhibit fear or anxious behavior. Dogs should be encouraged to approach staff through positive interactions-petting and appropriate verbal communication. 2. Spend time with new dogs. This investment can significantly improve how well the animals adapt to their new environment and will most likely decrease the time needed to acclimate appropriately (see Early Behavioral Development and Socialization; Table 1 ). 3. Perform individualized behavioral assessments on each dog to help identify behavioral issues (Boxall et al. 2004) . Assessments can be used to assist in addressing behavior problems and in assessing an animal's individual behavior before its placement on study. 4. Give dogs adequate time to recover from transportation stress and to adapt to their new facility (see Newly Received Animals). The recommended acclimatization period is at least 7 days after transport that has involved a journey in a vehicle and between sites, and at least 3 days when they have been moved in individual containers between buildings on-site (BVAAWF/FRAME/ RSPCA/UFAW 2004b). At least 24 hr should be permitted for acclimatization when there is a permanent change of pen location, assuming similar husbandry and care procedures are followed (BVAAWF/FRAME/ RSPCA/UFAW 2004b).
Daily Situations
Adapting dogs to daily situations like cage changing, feeding regimens, exercise, and socialization with humans and other dogs should be incorporated into daily and weekly routines (CCAC 1993; Turner et al. 2003) . The following additional guidelines are recommended:
1. Allow extra time to observe, interact with, and handle newly arrived dogs during routine procedures like cage changing and water checks. 2. Provide a diet that is the same as that of the kennel of origin, if possible. The diet can then be changed over several days to a new food if a diet change is necessary. 3. Pair-or group-house compatible dogs because social interactions help minimize dogs' fearful and aggressive behavior (Adams et al. 2004; Hubrecht 1995; Overall and Dyer 2005; Wolfle 1990 ). Placing together dogs that have been previously housed in compatible groups is preferable although often, newly arrived dogs have been separated from known cage mates. 4. Set aside time with each individual dog to help with the animal's transition into the new facility and facilitate formation of new social attachments with unfamiliar humans and conspecifics. 5. Give dogs the opportunity to smell their surroundings and perform canine introductory rituals. Dogs utilize their keen sense as a means of social communication and allowing them the opportunity for olfactory experiences helps to enhance their acclimation to new environments. 6. Follow planned husbandry and care procedures while being aware of each individual dog's behavioral characteristics and adjust procedures if any dog shows signs of heightened anxiousness or fear. When an animal or a group of animals shows a strong motivation to avoid or escape a stimulus, the situation warrants additional attention or intervention. Some dogs may need to avoid environments that are too challenging for them at a particular time (Overall and Dyer 2005) . 7. Acclimate and train dogs appropriately, well in advance of the time they will be on study. 8. Performance of common restraint and health-related procedures such as physical examinations, ear cleanings, and nail trimming can help prepare dogs for other procedures performed while on study (e.g., blood collection, placement of intravenous catheters, injections, oral dosing, and placement in slings). 9. Handle and manipulate the dogs in a manner that is similar to the handling of procedures when the animal is on study. 10. Train the dogs so that they are familiar with the transport cages that will be used for their relocation to laboratories or testing areas well in advance of the study. If other dogs will be transferred with an animal, appropriate socialization with these animals should be part of the acclimation process.
It may be helpful to set up planned situations to expose dogs to aversive events. After exposure to aversive events under highly controlled and predictable conditions, dogs appear to learn how to cope more competently with a subsequent aversive situation (i.e., to show less distress and physiological arousal than when such events occur uncontrollably). As a dog's competency and confidence improve, the animal becomes more relaxed. Relaxation competes with fear and anxiety (Lindsay 2005) .
A phased acclimation plan is useful when experiments involve multiple procedures. For example, personnel can first remove the dog to a novel environment for an adequate acclimation phase, next acclimate the animal to sling restraint, and subsequently acclimate the dog to oral dosing. Animals habituate to one or more procedures best when the equipment and handling procedure are species appropriate, sized correctly for the animal, and otherwise adjusted to maximize the animal's comfort (NCR 2003) .
It is also important for dogs to become familiarized with key personnel who will be involved in an experiment, and for the animals to have developed some level of trust with each person. The goal of a good acclimation program is to minimize the stress response of the dog while exposing it to new situations and/or aversive stimuli and still have the animal perceive the experience as positive.
Basic Handling
Many references on training can be useful in developing basic handling and restraint techniques (Colflesh 2004; Donaldson 1996; Marder and Reid 1996; Pryor 1999) . Basic training facilitates a dog's ability to control significant events competently, thereby promoting expectancies that are conducive to enhanced confidence, relaxation, and feelings of safety (Lindsay 2005) . Positive interactions and reinforcement methods are the preferred ways to train animals (BVAAWF/FRAME/RSPCA/UFAW 2001 Laule 2003; Turner et al. 2003) . Using appropriate communication (e.g., tone and mannerisms) decreases a dog's anxiety and physiological variability (Wolfle 1990) . Placing an animal in familiar surroundings helps decrease fear or anxious responses. For example, when teaching puppies restraint techniques, it is best to do so in familiar surrounding.
Stroking and handling by humans can be a practical and effective technique for calming animals in situations where they are distressed, particularly animals that have been positively socialized by humans. Early studies have shown that petting a dog can have a calming effect on the animal (e.g., decreases heart and respiratory rates) (Gantt et al. 1966) . Petting may be an effective way of reducing canine cortisol responses to aversive situations such as physical examinations, injections, and blood sampling (Hennessy et al. 1998 ). The effect of stroking a dog has also been shown to increase affiliative neurochemicals in both dogs and humans (Odendall and Meintjes 2003) .
Massage and relaxation training techniques have many applications in the management of dog behavior, especially in situations involving aversive emotional arousal (Hennessy et al. 1998; Lindsay 2000) . However, care should be taken not to unintentionally reinforce fearful responses by overpetting the dog (BVAAWF/FRAME/RSPCA/UFAW 2004b). For example, vocal encouragement and petting can have a calming and beneficial effect on a moderately fearful dog but may inadvertently reinforce fearful behavior by providing the dog with a shield of safety behind which it can escape or avoid fearful situations (Lindsay 2005) . The procedure should be used carefully with animals that are fearful or that might transmit disease (NRC 1992) .
Investigators should consider which different handling styles may affect physiological and behavioral responses, especially in studies for which pharmacological or physiological outcomes are an important part of the data (Overall and Dyer 2005) . For these types of studies at our institution, habituation to equipment, personnel, and other stressors usually requires Ն4 wk of training at least two to three times each week to ensure that animals are adequately acclimated and ready for study.
Restraint
Adaptation to restraint is especially important before animals are placed on experimental protocols that require restraint. Such adaptation is particularly relevant if dogs are to be restrained frequently or for long periods, or if the restraint method is especially rigorous (NRC 1992 (NRC , 1994 (NRC , 2003 .
"Physical restraint is the use of manual or mechanical means to limit some or all of an animal's normal movement for the purpose of examination, collection of samples, drug administration, therapy, or experimental manipulation" (NRC 1996, p. 11) . Canine habituation and adaptation to experimental procedures can have an impact on whether an animal will become distressed during experimental procedures. For example, animals that have habituated adequately to noninvasive procedures such as electroencephalogram and ECG measurements would not be expected to experience distress during data collection, whereas animals not adequately habituated would be expected to experience minimal distress initially (NRC 1992) . The animals' distress, however, could be alleviated later during the study with the use of appropriate acclimation procedures and handling techniques. Habituating dogs to procedures associated with blood sampling also can be helpful in decreasing variability for certain research projects.
Restraint can involve restricting movement, positioning an animal by physical means, or placing the animal in some type of device (e.g., restrainer or sling). Animals habituate to the procedure and device better if the equipment and handling procedure are species appropriate, correctly sized for the animal, and otherwise adjusted to maximize the animal's comfort (NRC 2003) . Body slings are used frequently to support dogs for prolonged periods in particular studies (e.g., serial sampling for pharmacokinetic studies, inhalation studies). Introduction to slings can be usefully incorporated into the initial habituation process in the breeding establishments, but specific habituation to the sensation of being suspended by these devices should also be provided before the individual studies begin, if the devices will be required (Turner et al. 2003) . Dogs restrained in slings should be monitored at all times.
When selecting dogs for protocols that require restraint, it is important to screen each dog to ensure that the animal is in good health and has performed well during behavioral assessments. Most acceptable dogs, when scored from 5 (best) to 1 (least) on the following seven parameters, receive a positive average score Ն4.0: (1) General behavioral appearance with the cage/run door closed, (2) response after opening the cage door, (3) response to different clothing, (4) response to handling, (5) reaction to restraint, (6) response to being on the floor, and (7) response to having minimal restraint. Documenting specific comments about each dog will assist investigators' in future selections for specific studies or restraint devices.
The following pretraining steps will set the stage for a positive experience before the dog is placed in or on a restraint device:
1. Include the individual(s) who train the dog in the process;
2. Bring each dog to the training area for 5-10 min by itself; 3. Place each dog on the sling base (for slings) or training table (for boards); 4. Handle each dog calmly while manipulating its ears and legs and opening its mouth; 5. Offer treats; and 6. Allow each dog to explore the room at the end of the session.
After a dog has successfully completed the pretraining, it is imperative that the animal is given adequate time to adapt to restraint before being placed on experimental protocols that require restraint. Recommended guidelines and helpful hints for acclimating dogs to slings and boards appear in Table 5 . Such adaptation is particularly relevant if dogs are to be restrained frequently or for long periods, or if the restraint method is especially rigorous (NRC 1992 (NRC , 1994 (NRC , 2003 .
Animals fitted with jackets or equipment that delivers inhalation drugs require special, additional adaptation. It is particularly useful to work with breeders to identify very cooperative dogs before acquiring the animals for inhalation studies in which face masks will be utilized for inhalation administration of compounds (S. Goelet, Charles River Laboratories, Senneville, Canada, personal communication, 2004) . When dogs are required to wear jackets, staff should ensure that the animal can tolerate the equipment. Some facilities have required up to 1 mo of frequent habituation to jackets before placing animals on study (BVAAWF/ FRAME/RSPCA/UFAW 2003). At GlaxoSmithKline, we have found that 2 to 3 mo of training are required for jacket and tether training for 7-to 8-hr and 24-to 48-hr time periods, respectively (G. Rivera, GlaxoSmithKline Pharmaceuticals, King of Prussia, PA, personal communication, 2006) . Some studies require dogs to lie in a particular position on a table or board for sampling or diagnostic tests (e.g., collection of bile via access port). Board training has been useful for teaching dogs to lie still during continuous urine collection and for preparation for ultrasound imaging. Techniques such as "dominance down" have been useful at our facility in habituating dogs to lie in a prone position (J. Dugan, SmithKline Beecham, personal communication, 1996) The process involves teaching the dog to accept lying in this position using positive reinforcement.
Using Behavioral Modification to Enhance Canine Acclimation and Training
Acclimation and training programs for dogs used in research have been developed with the following goals: to enhance the welfare of the animal, to decrease study variability, to ensure the safety of the animal and personnel, and when possible to minimize the use of resources. Cynopraxis is the term used to describe a pragmatic process of training dogs that enhances the human-dog bond while improving the dog's quality of life. There is now extensive literature regarding the theory, philosophy, and ethics of cynopraxic training, which can be helpful to staff who care for and train dogs (Lindsay 2005) .
It is always preferable to train laboratory animals to cooperate during procedures and husbandry, rather than to physically restrain them, unless there is likelihood that they will injure themselves or staff. Such training helps reduce the stress associated with procedures and is an essential part of everyday husbandry (Turner et al. 2003) . Attention to subtle procedural details and stimuli not only adds to the understanding of animal well-being but also reduces variability in data and facilitates comparison among closely related studies (Clarke et al. 1997b) . Training with positive reinforcement is also useful as mental stimulation and behavioral enrichment (Overall and Dyer 2005) .
All facility personnel who work with and care for puppies, adolescent and adult dogs can help the animals adapt to and cope with stressors by using various techniques such as acclimation, adaptation, and coping (Bayne 2002 ; BVAAWF/FRAME/RSPCA/UFAW 2001; Table 2 ). A variety of additional forms of behavioral modification and learning paradigms such as habituation, desensitization, and counterconditioning have been useful when animals exhibit fearful or anxious responses (Table 2) .
There is a wealth of information on behavioral management and learning paradigms to help staff become more knowledgeable and proficient at using appropriate training techniques (Horwitz et al. 2002; Lindsay 2001 Lindsay , 2005 Overall 1997; Pryor 1999) . Facilities can also consult with animal behaviorists to enhance their training programs and to problem-solve when challenging behavior issues arise.
Choosing the Appropriate Dog for the Experiment
As described above, some dogs have genetic predispositions for undesirable temperaments and physical problems (Overall 2000; van den Berg et al. 2003 ) (see Vendor Health and Genetic Considerations). It is advisable for investigators and veterinary staff to compile a list of acceptable (or unacceptable) physical, behavioral, and physiological criteria for dogs in particular research protocols (BVAAWF/ FRAME/RSPCA/UFAW 2001 , 2003 NRC 1992) and to communicate this information to breeders or vendors before dogs are ordered.
If a dog has a significant underlying behavioral abnormality that is genetically based or attributable to significant molecular or neurochemical abnormalities, then it will be more difficult to address any related problem. Breeders should screen out puppies and parents identified with genetic predispositions or behavioral characteristic that may be detrimental. However, it is not always possible to detect behavioral abnormalities at a dog's early age because some genetically based behavioral abnormalities are not apparent • Work one-on-one with each dog because another dog in the room may distract and affect the training progress.
• Train the dog every day during the weekdays or at least 3×/wk.
• Stand the dog on the sling base and require the animal to stand quietly.
• Manipulate the dog's mouth, ears, paws, and legs.
• Hold the animal in a position similar to a position when blood is taken.
• Progress to Phase Two only when the dogs has accomplished all aspects of Phase One. Phase Two • Train the dog 3-5×/wk.
• Stand the dog on the table for 3-4 min.
• Lay the sling over the dog's back for 2-3 min.
• If the dog is calm, fasten Velcro™ under its abdomen.
• If the dog is calm with the Velcro™ placed over its abdomen, place its front legs in and fasten Velcro™ over its back.
• Place all four of the dog's legs in the sling and fasten Velcro™ over its back for 3-4 min.
• If the dog continues to remain calm, place the dog in the full sling for 2-3 min to start. • Increase the time by 15-min intervals up to 45 min.
• The number of dogs being sling trained at one time can be increased by 2-4 dogs.
• When a dog is cooperative at 45 min, progress to Phase Three.
• Advance only dogs that respond favorably within 3-4 wk. Phase Three • Increase the training times by 10-to 15-min increments until 60 min are achieved. At this phase, the training sessions can be decreased to 2-3×/wk. • Dogs should be standing calm and relaxed for the majority of the 60 min.
• To progress to Weekly Maintenance typically requires approximately 4-6 wk of training in Phase Three. Weekly Maintenance • May be possible to decrease training sessions to once weekly for 60 min. By now dogs are routinely on study and when on study additional training during that week is not needed.
• To progress to Bimonthly Maintenance typically requires excellent acclimation (i.e., the dog can stand quietly for Ն60 min) and at least 6-8 wk of weekly maintenance training. Bimonthly Maintenance • Train dogs in slings twice a month until they are used on a new study.
• May be possible to omit some sessions when dogs are being used routinely on study.
• Train each dog one-on-one due to the difficulty of board training.
• Acclimate the dog to the equipment, human contact, and the surroundings because dogs consider this position to be very threatening.
• Require the dog to lie on its side quietly for up to 5 min on the table.
• Eventually require the dog to lie on its side on the board for up to 1 hr during training but up to 5 hr during a study.
• Expect adequate training to take 6-8 wk.
• Advance each dog as it accomplishes the 4 stages of board training.
Stage One
• Require the dog to stand and/or sit on the board 2-3 min.
• Acclimate the dog to wearing a jacket to prepare for wearing a harness.
• Provide ample amounts of verbal praise and petting to reassure the dog.
• Use food to help create a positive response.
Stage Two
• Repeat Stage One and extend the time to 10-15 min.
• Require the dog to lie on the board and to be restrained by hands on the dog's shoulders and hind quarters.
• Require the dog to remain calm and relaxed and to lie on its side for 5-10 min without manual restraint. Simultaneously use verbal commands to train the dog to stay.
• Expect this stage to take 2-3 wk.
• Advance the dog when appropriate.
Stage Three
• Repeat the procedures in Stage Two for 10-15 min.
• Require the dog to lie on the board and place the unfastened restraint harness over the dog.
• Fasten the harness to the board when the dog accepts the harness.
• Train the dog Յ30 min/session.
• Possibly increase the time increments by 15-min intervals up to 1 hr.
• When the dog is cooperative, introduce leg restraints made of cotton or nylon rope (used to prevent a dog from pulling a catheter out if catheters are required for study).
• As the dog progresses, train once a week for 60 min.
• Dogs that complete the training in Stage Three may be restrained during studies.
Maintenance Training
• Train the dog once a week for 60 min/session.
• Train the dog between studies to assure continued cooperation during times of restraint.
until a dog is older (Overall 2000) . When making decisions regarding the placement of dogs on various studies, personnel should consider well in advance any special health or behavioral concerns that should be addressed before study. Dogs with chronic health problems (e.g., ear infections, dermatitis, interdigital cysts, diarrhea) are not the best candidates for long-term studies or studies involving immunosuppression or implanted devices (BVAAWF/FRAME/ RSPCA/UFAW 2004a). If possible, it is advantageous for investigators to have stock dogs available that have already had some acclimation and training for common experimental procedures. These dogs can also be screened to identify any behavioral characteristics that would make them more or less suitable for certain studies.
Special Study Considerations
Dogs are often used in studies that involve dosing and/or sampling procedures, which sometimes include frequent and repeated sample collection. For such studies, placing intravenous (IV 1 ) catheters or implantation of access ports can facilitate blood sampling, dosing, and/or data collection (Adams 2002) . It is advisable to follow standard guidelines for placement of intravenous catheters and for ensuring that exteriorized catheters are secured in place before utilization. Dogs used on chronic studies that require serial blood sampling, bile sampling, or blood pressure measurements can be surgically implanted with an access port placed in a vein, artery, or bile duct. Access ports are surgically implanted internal devices that have the advantage of repeated use for long periods and reduced likelihood of infection compared with exteriorized catheters (Kissinger et al. 1998; Mann et al. 1987) . The ports have a dome that is sutured in place in an accessible subcutaneous site with an attached catheter secured in a vessel or duct. The femoral vein and artery are frequent implantation sites for vascular access ports in dogs, but other vessels such as the jugular and portal veins are also used. Care must be taken to appropriately maintain these devices, particularly with regard to preventing infection. To facilitate catheter or port patency, a heparin-saline or heparin-glucose lock can be used (Kwei et al. 1995) .
In some situations, investigators may choose to place drugs directly into different segments of the gastrointestinal tract. Numerous procedures have been used to facilitate direct gastrointestinal dosing including implantation of biomedical devices and surgical manipulation of the intestines. Access ports are sometimes implanted into the gastrointestinal tract of dogs for long-term dosing (Meunier et al. 1993) .
Radiotelemetry is a method used for capturing physiological parameters such as body temperature, HR, ECG, and BP in addition to movement, electromyography, and electroencephalography (BVAAWF/FRAME/RSPCA/ UFAW 2003, 2004a) . Telemetry offers investigators the opportunity for continuous monitoring while dogs are in their home cage. These devices can be implanted in various sites. Because stress responses can affect particular studies in which physiological measurements such as HR and BP are being taken, dogs should be carefully screened, and only those animals considered well adapted to a variety of situations should be chosen for these types of studies (BVAAWF/FRAME/RSPCA/UFAW 2004a).
Pain can trigger significant stress responses and result in study variability. Veterinary care staff must incorporate effective pain management practices for procedures that in- Helpful Hints • Have a dedicated trainer who is responsible for selection and evaluation of the dogs and who oversees training.
• Have a plan and document each session. These aspects of the process help to identify each dog's phase/stage of training and to evaluate the program.
• Ensure that personnel are knowledgeable in the techniques of positive reinforcement.
• Have patience and use generous amounts of praise; the results will be well worth the time. Return to the previous training phase or stage if you encounter difficulty.
• Proceed slowly. Start by training 5-10 min at a time. If necessary, increase the frequencies (e.g., 2 sessions/day) instead of the duration.
• At first, train from the front of the dog and remain in close proximity.
• Use a positive and reinforcing tone of voice.
• Handle the dogs gently but firmly; the majority of dogs want human contact.
• Increase time and human distance separately but not simultaneously.
• If a dog begins to get upset, return to the previous training phase or stage and proceed more slowly.
• Remember that each dog is an individual. What is effective with one dog may not be effective with another. volve painful protocols (CFR 1985; NIH 2002; NRC 1992 NRC , 1996 . A good pain management program must include preemptive analgesics; use of the most appropriate analgesics; and close, consistent, and frequent patient monitoring. For animals undergoing surgical procedures, appropriate surgical practices, postoperative care, and analgesics must be provided to facilitate recovery and to increase the likelihood that the animals will be in good health and ready for study.
Good pain management programs significantly enhance animal well-being and facilitate having a quality animal ready for study in a timely manner (AAHA 2003; BVAAWF/FRAME/RSPCA/UFAW 2003; Stasiak et al. 2003) .
Animals may require several weeks of recovery after surgery, depending on the procedure. Importantly, all of the information related to pain management must be provided in detail in the IACUC-approved protocol.
Staff Training
Behavioral management is an important training aspect for all personnel working with dogs. Online resources as well as printed, video, and CD/DVD materials are now available through various institutions, organizations, and universities. Additional resources include the American Association of Laboratory Animal Science (www.AALAS.org) and its affiliates such as Laboratory Animal Welfare Training Exchange (www.lawte.org) and the Institute for Laboratory Animal Research (www.national-acadmies.org/ilar) (NRC 1991; www.lawte.org, www.aalas.org).
Conclusion
Preparing dogs for experimental procedures is a comprehensive process that starts at the breeding facility and continues throughout the lives of the dogs. Facilities should ensure that breeders, laboratory care staff, and researchers work together to optimize the chances of using the most appropriate dogs for research. Care staff must take into consideration the physical as well as the behavioral characteristics of a dog to maximize the well-being of the animal and to help minimize study variability.
Preventing and addressing health problems promptly helps ensure that dogs will be in good condition for study. Behavioral management is a very important aspect of decreasing stress and distress and thus minimizing the potential for study variability. For these reasons, administrators and staff should ensure that a high-quality behavioral management program is given a high priority at their institution. Adequate resources and well-trained staff who are knowledgeable and available to oversee canine colony management and care are important components of any high-quality animal care program. Effective planning and communication between care staff, investigators, and IACUC members are also key factors in preparation for all studies.
It is hoped that the information and recommendations in this article will be useful not only for helping to enhance the well-being of dogs used in research but also to ensure that high-quality dogs are available for research. A high-quality dog for research is a normal, healthy, well-adapted animal.
